Graphical entry and synopsis Reactions of [8, ) 2 -nido-8,7-RhSB 9 H 10 ] (1) with PR 3 afford 11-vertex rhodathiaboranes in which the resulting ligand configuration is driven by the nature of the monodentate phosphine. The lability of some of the species is demonstrated by variable NMR studies, which give mechanistic insights on the substitutional chemistry of 11-vertex nido-rhodathiaboranes. 
Introduction
Recent research has led to the discovery that the eleven-vertex rhodathiaborane [8,8- Compounds 2 and 3 have been shown to be active catalyst precursors for the homogeneous hydrogenation and isomerization of alkenes. 3 In addition, reactivity studies of the reaction of alkynes with the hydrido-rhodathiaborane 2 have demonstrated that the de-hydrogenation of 2 can promote the oxidative addition of sp CH bonds, 4 suggesting that other EH bonds in, for example, alkanes, silanes, or boranes, could also be activated 4 by modifying the reaction conditions and / or by an appropriate tailoring of the clusters.
The ease of preparation, the versatility, and the stability of these eleven-vertex cluster compounds make them attractive candidates for homogeneous catalyst precursors. 3, 4 This consideration prompted us to examine how we might modify the exo-polyhedral phosphine-ligand sphere in order to explore the reactivity of new phosphine-ligated derivatives of 2, the overall target being the optimization of the catalytic activity of these cluster species. In this regard, it has previously been demonstrated that the rhodathiaborane 1 undergoes facile substituion of PPh 3 by other monodentate, and also bidentate, phosphines, 5, 6 and we have examined reactions of 1 and 2 with the monodentate phosphines PMePh 2 , PMe 2 Ph and PMe 3 .
Results and Discussion

Reactions of [8,8-(PPh 3 ) 2 -nido-8,7-RhSB 9 H 10 ] (1) with PMe 2 Ph and PMe 3
Treatment of the bis-(PPh 3 ) compound 1 with two equivalents of PMePh 2 affords the disubstitued rhodathiaborane, [8, 8 -(PMePh 2 ) 2 -nido-8,7-RhSB 9 H 10 ] (4). In contrast, the use of two equivalents of PMe 2 Ph or PMe 3 gives mixtures that contain both the monosubstituted bis-(phosphine) species, [8,8- (PPh 3 )(L)-nido-8,7-RhSB 9 H 10 ], where L = PPhMe 2 (5) or PMe 3 (6) , together with the products of addition of a third phosphine at the metal, viz. the tris-(phosphine) species [8,8,8-(L) 3 -nido-8,7-RhSB 9 H 10 ], where L = PPhMe 2 (7) or PMe 3 (8) . These last two tris-(phosphine) {Rh(PR 3 ) 3 }-containing cluster com-pounds are more conveniently prepared from the reactions of 1 with three equivalentents of phosphine. In interesting contrast, the same reaction, but now with PMePh 2 in a 1:3 rhodathiaborane:phosphine molar ratio, yields the boron-substituted hydridorhodathiaborane [8,8,8- (PMePh 2 ) 2 (H)-nido-8,7-RhSB 9 H 9 -9-(PMePh 2 )] (9). Scheme 1 illustrates these results, and it can be used as a guide throughout the paper. (see Table 1 ) show eight peaks in a 1:1:2:1:1:1:1:1 intensity ratio, slightly shielded [mean ( Thus, the trend of high-field shifts found in the series of rhodathiaboranes, 1, 4, 5 and 6 could be related, at least in in part, to an increase in the electron density at the rhodium 6 centre: {Rh(PPh 3 ) 2 } < {Rh(PPh 3 )(PMe 2 Ph)} < {Rh(PPh 3 )(PMe 3 )} < {Rh(PMePh 2 ) 2 }. Pt or Rh and E = S, N or C (see Table 2 ). The activation energies for these processes are readily estimated from the temperatures at which peak-coalescences are observed in the NMR spectra. The tris-(PMe 2 Ph)-ligated nido-rhodathiaborane 7 has been reported previous to this work, 10 but for 8 convenience of comparison its spectroscopic data are described here together with those of 8. The molecular structure of 7 was also determined by single-crystal X-ray diffraction in the previous work. 10 We now report the crystallographic analysis of the new tris-(PMe 3 )-ligated analogue 8 (vide infra). Figure S3 in the supporting information). The characterization of the new B-ligated hydridorhodathiaborane 9 has also been carried out by X-ray diffraction analysis (vide infra) and by NMR spectroscopy. The 10 which correspond to the BHB bridging hydrogen atom and the Rh-H hydride ligand, respectively. In
H} NMR spectrum, compound 9 exhibits three resonances with the highest-field signal being significantly broader than the other two, and, therefore, assigned to the PPh 2 Me ligand directly bound to the the boron vertex B(9). The crystal and molecular structures of 8 and 9 were established by single-crystal X-ray crystallography. A summary of selected derived interatomic distances and angles for these two rhodathiaboranes are in Table 5 , and drawings of these molecules are in Figures Table 5 . Selected interatomic distances (Å) and angles (•) between interatomic vectors for 8 and 9
with standard uncertainties (s.u) in parentheses.
9
Rh(8)-S (7) 2.3736 (7) 2.4172 (5) Rh (8) 
174.29 (5) 159.43(6)
148.61 (8) 147.57 (6) P (2) (5) Rh (8) In each of these compounds, the longest Rh-P linkage is with the phosphine ligand 15 that is trans to a boron vertex: B(9) for compounds 2, 7, 8 and 9, and B(4) for compound 1; the shortest is assigned to the PR 3 ligand that is trans to the S(7) vertex, whereas the intermediate Rh-P distances correspond to the phospine groups that occupy positions transoid to the B(3)-B(4) edge of the cluster. This trend suggests that a boron vertex has a stronger trans-effect than either a B-B edge or a sulphur vertex in metallathiaboranes. Overall, there are no significant differences in the corresponding distances and angles among the five {RhSB 9 H 9 L} clusters [where L = H (1), NC 5 H 5 (2) or PMePh 2 (9)], although it may be noted that the Rh(8)-S(7) length in the hydridorhodathiaboranes 2 and 9 is ca. 0.05 Å longer than in the other derivatives, suggesting a higher structural trans-effect of the hydride ligand compared to the phosphines, PPh 3 , PMePh 2 , PMe 2 Ph and PMe 3 .
Bonding considerations
In view of the relevance of this set of compounds to the catalytic potential of the {RhSB 9 } system, centre. Alternatively, however, the {nido-SB 9 H 9 (PMePh 2 )} fragment in 9 could be regarded as a 'charge-compensated' neutral ligand acting in a bidentate tetrahapto fashion, resulting in a Rh(I) species. In view of the arguments enunciated in the previous 19 paragraph, we favour this second interpretation. The 11 B nuclear magnetic shielding pattern is consistent with this.
Ligand-Exchage Processes and Mechanistic Considerations
In order to obtain some mechanistic insights about the substitutional chemistry of [8,8- At room temperature, the equilibrium is completely shifted toward the disubstituted species 4, but a lowering of the temperature back to 188 K reproduces the spectrum discussed above, demonstrating the reversibility of the system. However, at room temperature overnight, the system evolves to a mixture of two hydridorhodathiaboranes: one of them readily resembles 9 and the other is also very similar, with small differences in the chemical shifts in the NMR spectra ( Figure S6 ). This indicates that the presence of free PPh 3 in the media leads to formation of mixed-phosphine species [8,8,8- 
Scheme 3
The observations described above permit a rudimentary reaction pathway to be described. In the conditions used for this work, the reaction rates of 1 with the more basic phosphines, PMePh 2 , PMe 2 Ph and PMe 3 , to give the corresponding monosubstituted bis-(phosphine) derivatives, 4, 5 and 6 by the displacement of the PPh 3 group transoid to the sulphur atom, appear to be similar. However the subsequent outcome of the reaction depends on the nature of the entering monodentate phosphine.
Thus, the reaction rates of PMe 2 Ph and PMe 3 with the supposed bis-substituted rhodathiaborane intermediates, [8,8- On the other hand, although the NMR data reveal an interesting chemical lability for 9, it is not clear whether the formation of this hydridorhodathiaborane is also driven by the formation of a Rh-centred adduct that could promote the exchange of a Rh-bound PMePh 2 ligand with the terminal hydrogen atom at the boron B(9) position; or whether, alternatively, the B-PMePh 2 bond undergoes incipient dissociation, partially opening coordination sites on the cluster that could facilitate the exchange processes.
Conclusions
The series of compounds 4-9 illustrates nicely that the reactivity of the parent rhodathiaborane 1 with monodentate phosphines, and the composition and configuration of the resulting derivatives, are ultimately controlled by the nature of the phosphine. Thus the treatment of 1 with PPh 3 does not form tris-PPh 3 -ligated species analogous to 7 and 8, and the cluster remains formally unsaturated in the presence of triphenylphosphine. 1, 6 In contrast, the less bulky and more basic phosphines, PMePh 2 and PMe 3 , afford {Rh(L) 3 }-vertices that confer one additional electron pair to the resulting eleven-vertex clusters compared with 1. Interestingly, PMePh 2 exhibits an alternative behaviour: too bulky to form an stable {Rh(PMePh 2 ) 3 }-fragment in this system, it has sufficient Lewis basicity to bind the boron 24 B(9) vertex and to form a stable hydridorhodathiaborane. Variable-temperature experiments demonstrate the chemical lability of these eleven-vertex rhodathiaboranes, suggesting strongly that the most plausible mechanism for the substitution of the phosphine ligands is associative, implying the binding of a third phosphine at the rhodium centre. Likewise, the chemical lability exhibited by the hydridorhodathiaborane 9 could take place by associative processes at the {Rh(PMePh 2 ) 2 (H)} metal centre, which could be linked with an incipient partial dissociation of the B(9)-bound phosphine.
The treatment of 1 with monodentate phosphines is a convenient synthetic route for the alteration of the exo-polyhedral ligand sphere, confirming the tailorability of this eleven-vertex rhodathiborane system. Following the synthetic approach used for the preparation of 2, 2 the bis-PR 3 -ligated clusters, 4-6, can (a priori) be easily modified by the treatment with pyridine, thus opening the door to the synthesis of hydridorhodathiaboranes that may exhibit an enhancement of the catalytic activity with respect 2. In the case of PMePh 2 , the reaction with 1 affords directly a new hydridorhodathiborane with an interesting ligand non-rigidity, which augurs for a rich chemistry to complement and extend the reported reactivity of the pyridine-ligated rhodathiaborane 2 with unsaturated organic molecules.
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Experimental
General Procedures
Reactions were carried out under an argon atmosphere using standard Schlenk-line techniques. well-characterised species 1 were clean multinuclear NMR spectra allied with mass spectrometric confirmation of the molecular ions.
X-ray crystallography
X-ray diffraction data for compounds 8 and 9 were collected on the BM16 CRG beam line at the ESRF. We mounted single crystals of both complexes on micro Mount supports and were covered with 
Calculations
All calculations were performed using the Gaussian 03 package. 25 Structures were initially optimized using standard methods with the STO-3G* basis-sets for C, B, P, S, and H with the LANL2DZ basisset for the metal atom. The final optimizations, including frequency analyses to confirm the true minima, together with GIAO nuclear-shielding calculations, were performed using B3LYP methodology, with the 6-31G* and LANL2DZ basis-sets. The GIAO nuclear shielding calculations were performed on the final optimized geometries, and computed 
Variable-temperature NMR studies
The reaction of 1 with PMePh 2 was studied at low temperature by NMR spectroscopy. 15 mg of the rhodathiaborane was put in a 5 mm NMR tube, and dissolved in 0. 
